We performed efficient cloning and genotyping methods for isolation of a large number of polymorphic microsatellites. The methods contain the time-efficient cloning method of constructing microsatelliteenriched libraries and the economic genotyping method of fluorescent labeling of PCR products. Eighty novel equine microsatellites cloned were efficiently isolated from the enrichment library and analyzed for genotype polymorphism. Of these, 72 microsatellites were analyzed with a good resolution. The average heterozygosity of all loci was 0.52, and the number of alleles ranged from one to 9 with an average of 4.5 alleles. The other eight loci showed multiple bands of PCR products, suggesting the occurrence of microsatellites in a repetitive element, in which the number of microsatellite repeats varies among different members of the repetitive element.
Introduction
Microsatellites, also referred to as short tandem repeats (STRs) or simple sequence repeats (SSRs), are highly polymorphic and abundant sequences dispersed throughout most eukaryotic nuclear genomes. [1] [2] [3] Microsatellites are useful for genome map construction. The genome maps will serve as very useful tools for tracing and identifying genes governing economically significant traits of animals.
Although the equine genome is not as highly characterized as the genomes of other domestic animals, much progress has been made recently. In the equine, a framework for comparative mapping has been established with Communicated by Takao Sekiya * To whom correspondence should be addressed.
Department of Molecular Genetics, Laboratory of Racing Chemistry, 1731-2 Tsuruta-cho, Utsunomiya, Tochigi 320-0851, Japan. Tel. +81-28-647-4472, Fax. +81-28-647-4473, E-mail: ttozaki@nyc.odn.ne.jp chromosome painting studies, [4] [5] [6] FISH assignments of type I loci, 7-11 synteny assignments of type I loci with Somatic cell hybrid (SCH) panels, [12] [13] [14] [15] and a comparative gene map between equine and human by their synteny groups. In recent years, a large number of microsatellites have been isolated for equine genome analysis. [16] [17] [18] [19] [20] [21] [22] SCH panels have also been used to make synteny assignments of 240 type II markers, 13, 23 many of which were physically assigned to horse chromosomes by FISH. 3, 24, 25 In addition, the low-resolution microsatellite-based linkage maps of the equine have been published. 26, 27 The average interval between markers on the map is 10.5 cM, and the linkage groups collectively span 1780 cM. However, the markers used for the linkage map construction have a low level of polymorphism in Thoroughbred horses, which have much less genetic polymorphism and heterozygosity than humans and non-Thoroughbred horses, suggesting the difficulty in the identifying genes governing economically significant traits of Thoroughbred horses.
In the previous study, we reported the screening by enrichment library construction of (CAG)n repeats. 28 The method includes four procedures: capture from genomic DNA by hybridizing to probes in solution, subsequent extraction with magnetic beads coated with streptavidin, nucleotide substrate-biased polymerase reaction, and amplification by PCR followed by cloning. Finally, the PCR products enriched for microsatellites were constructed by direct cloning into a T-vector that has an M13 (-21) primer site. Microsatellites containing (CAG)n repeats were obtained at the ratio of one per 3-4 clones, indicating an enrichment value about 10 4 -fold, resulting in savings of both time and cost.
The isolated microsatellites are genotyped to investigate the polymorphism. Most genotyping is performed by PCR with defined oligonucleotide primers. In order to analyze the length of the PCR products by electrophoresis and a laser detection system, one of these primers may carry a fluorescent dye label. The fluorescent dyes are expensive, and the cost increases substantially when a greater number of loci have to be genotyped to construct a fine linkage map. Schuelke (2000) 29 have developed an economical method for the fluorescent labeling of PCR products, which were performed using nested PCR method. The method has used three primers of a sequence-specific forward primer with M13 (-21) tail at its 5 end, a sequence-specific reverse primer, and a universal fluorescent-labeled M13 (-21) primer. The method was performed with one reaction, and the labeled primer can also be used for genotyping of the other microsatellites.
In higher eukaryotes, repetitive elements occupy a substantial portion of genome. They usually have an A-or T-rich tail or a microsatellite repeat. Recently, various types of repetitive elements have been cloned and characterized in equine genome. 30, 31 A part of the equine microsatellites reported in EMBL/GenBank/ DDBJ databases showed homology to equine repetitive elements such as Equine Repetitive Element-1 (ERE-1) and Equine Repetitive Element-2 (ERE-2). 30, 31 We have analyzed the equine genome, and have cloned and characterized many (CA)n and (CAG)n microsatellites from cosmid libraries and microsatellite-enrichment libraries. 3, 7, 21, 22, 24, 28, 32, 33 A part of these microsatellites showed significant homology to each other at the flanking sequences of the repeat units. Because the homologous sequences decrease specificity for multiplex use of microsatellite primers, it is necessary to identify the homologous sequences, which are named the microsatellitelinked repetitive elements (MLREs), for linkage map construction.
Our objective in the present study was to systematically isolate and genotype microsatellites from equine (Thoroughbred) genome, and to supply microsatellites for future linkage map construction. We, here, describe the flow of systematic microsatellite-cloning and genotyping method and minor modifications of library construction and genotyping methods for combination, and report new equine microsatellites and microsatellite-linked repetitive elements (MLREs) isolated by our methods.
Materials and Methods

Animal samples
For construction of an enrichment library and a reference stock, leukocytes of Thoroughbred horses (Equus caballus) were used. Leukocytes of 40 unrelated Thoroughbred horses were obtained from Japan Racing Association.
Enrichment library construction
The following oligonucleotides were synthesized for the present study. For enrichment: primer 1, 5 -GCA CTC TCC AGC CTC TCA GTG CAG-3 ; anti-primer 1, 5 -GAT CCT GCA CTG-3 .
The enrichment library was prepared as described by Tozaki et al. (2000c) . 28 Genomic DNA was isolated from equine leukocytes by conventional methods. 34 Approximately 0.5 µg of DNA was completely digested with Sau3AI (Takara Shuzo), and 250 pmol of compatible oligonucleotide adapters (primer 1 and anti-primer 1) were subsequently ligated to the restricted DNA with T4 DNA ligase (Takara Shuzo).
After the ligation, PCR was performed in a total volume of 100 µL of the following mixture: 1/50 volume of the ligation mixtures, 10 pmol of primer 1or primer 2, 200 µM of each dNTP, 10 µL of 10 × reaction buffer, and 1.0 U of rTaq polymerase (Takara Shuzo). PCR amplification entailed initial denaturation (94
• C, 4 min); 17 cycles of 1 min each at 94
• C and 72 • C; and then 10 min at 72
• C for final extension in a GeneAmp PCR System 9600 (Applied Biosystems). The PCR products were digested with 1.0 U of Mung Bean nuclease at 37
• C for 45 min (Takara Shuzo) and purified by G-50 spin column (Roche) to remove the residual primers.
One hundred picomoles of biotinylated oligo-(CA) 10 was added to 0.5 µg of the purified PCR products, and the mixtures were denatured at 94
• C for 5 min. The biotinylated oligo-(CA) 10 probe was hybridized to the denatured PCR products for 5 min at 75
• C. A nucleotide substrate-biased polymerase reaction was performed at 77
• C for 10 min in a total volume of 100 µL of the following mixture: 200 pmol each of two dNTPs (dCTP, dATP), 0.1 U of rTaq polymerase (Takara Shuzo), 1.5 U of LATaq polymerase (Takara Shuzo) and 10 µL of Perfect Match PCR enhancer (Stratagene) and 10 µL of 10 × reaction buffer for rTaq (Takara Shuzo). To stop the polymerase reaction, the mixtures were chilled on ice and added to 200 µL of high-salt buffer (2.0 M NaCl, 1 mM EDTA and 10 mM Tris-Cl, pH 8.0). The mixtures were No. 1] T. Tozaki et al. 35 then incubated with 100 µL of streptavidin-coated magnetic beads (Streptavidin MagneSphereRParamagnetic Particle, Promega) in the presence of 10 ng/µL of Cot I DNA as the competitor at room temperature for 30 min, and the magnetic bead-complexes were captured by a magnet. Excess unbound oligos and non-complementary sequences were removed by washing with 1.0 M NaCl, 1 mM EDTA and 10 mM Tris-Cl (pH 8.0) twice at room temperature, and twice at 70
• C. Single-stranded DNAs (ssDNAs) containing a repeat sequence were released from the beads by incubation with alkaline buffer (1 mM NaOH, 1 mM EDTA and 10 mM Tris-Cl, pH 8.0) at 70
• C. The eluted ssDNAs were concentrated by ethanol precipitation.
Using the adapter sequences (primer 1) as primer, the ssDNA fragments eluted from the beads were amplified to make double-stranded DNA (dsDNA) by PCR. The first PCR was performed in a total volume of 50 µL of the following mixture: 20 µM of primers, 200 µM of dNTPs, 0.1 U of ExTaq polymerase (Takara Shuzo) and 10 µL of 10×reaction buffer. The first PCR amplification entailed initial denaturation (94
• C, 4 min); 15 cycles of 1 min each at 94
• C and 72
• C, and then 10 min at 72
• C for final extension in a GeneAmp PCR System 9600. Next, the second PCR was performed using 10 µL of the first PCR products as the template under the same conditions and 13 cycles. Finally, the second PCR product was concentrated by ethanol precipitation, and purified with the G-50 spin column to remove excess primer.
The PCR products enriched for (CA)n repeats were constructed by direct cloning into a T-vector (Promega). These recombinants were transformed into competent XL-1 Blue MRF' E. coli cells by electroporation (BioRad).
Sequencing
Cloned DNAs were purified by a conventional method, 35 and were sequenced on both strands by the dideoxy chain termination method (Cy-5 Thermo Sequenase Dye Terminatar kit, Amersham Pharmacia Biotech), 36 using an automatic DNA sequencer (A. L. F. express sequencer, Amersham Pharmacia Biotech).
Primer design and genotyping
Primers complementary to the flanking regions of selected microsatellites were designed using the program DNASIS, v3.6. Primers were about 20 bp in length, with calculated annealing temperatures of 55-65
• C, and expected product length of 100-300 bp.
In the genotyping, we prepared three primers; the sequence-specific forward primer conjugated with a 5 -TGA CCG GCA GCA AAA TTG-3 tail at its 5 end, the sequence-specific reverse primer, and the Cy-5 labeled 5 -TGA CCG GCA GCA AAA TTG-3 primer (Amersham Pharmacia Biotech). The underlining represents the new design sequence (18mer) for fluorescent detection.
PCR was performed in a total volume of 20 µL of the following mixture: 20 ng of equine genomic DNA, 2 pmol of the sequence-specific forward primer conjugated with 5 -TGA CCG GCA GCA AAA TTG-3 tail at its 5 end, 5 pmol of the sequence-specific reverse primer, and 10 pmol of Cy-5 labeled 5 -TGA CCG GCA GCA AAA TTG-3 primer, 200 µM of dNTPs, 2 µL of 10 × reaction buffer; and 0.1 U of rTaq polymerase (Takara Shuzo). PCR amplification entailed initial denaturation (94
• C, 4 min); 30 cycles of 1 min each at 94
• C, 55
• C, and 8 cycles of 1 min each at 94
• C, 50
• C and then 10 min at 72
• C for final extension in a GeneAmp PCR System 9600.
The amplified fragments were analyzed by electrophoresis with the automatic DNA Sequencer. HTZ (Heterozygosity), PIC (Polymorphism Information Content), and PE (Probability Exclusion) values were estimated from the results obtained with DNA from Thoroughbred horses (n = 40).
Results
Evaluation of affinity-captured (CA)n repeats
(CA)n repeat-enriched libraries were constructed to isolate a large number of microsatellites from equine genomic DNA. The libraries were enriched only for long repeating-microsatellites, which are polymorphic in Thoroughbred genomic DNAs, by using a nucleotide substrate-biased polymerase reaction with (CA) 10 oligonucleotide.
An enrichment rate of the microsatellites calculated from the number of positive clones. One hundred colonies were randomly picked up from the enrichment library and sequenced. Of these clones, 85% had (CA)n repeats. The positive clones mainly ranged between 0.4 and 0.7 kb, and had an average insert size of 500 bp. When we isolated (CA)n repeats from an equine cosmid library which had an average insert size of about 25 kb, the (CA)n containing clones were isolated one in 2-3 clones. Using an estimate of one (CA)n site for every 50 kb, we can obtain one positive clone for every 100 colonies from a normal genomic library having an average insert size of 500 bp. The enrichment was achieved with about 10 2 -fold, which can be calculated to be a 85-fold = (85/100) / (1/100) increase in the frequency of (CA)n repeat clones.
About 80% of the positive clones had over 12 repeat units, which are likely to be polymorphic (Table 1 ). This result demonstrated that the long repeating units containing microsatellites were effectively isolated by the nucleotide substrate-biased polymerase reaction. Some of the positive clones had 16-20 repeating units that were interrupted by CC, GC, GA and AT. These microsatellites might have been isolated by the increased stringency of hybridization at both of the interrupted sites. In a previous study in which we had characterized (CA)n repeats from an equine cosmid library in a previous study, the (CA)n repeats (designed TKY001-TKY040), mainly ranged from 6 to 18 in repeating units with the exception of one unit with 34 repeats, with an average repeat length of 12.9 units. In this study, the number of complete (CA)n repeats ranged from 6 to 24 (Table 1) , with an average repeat length of 15.7 units. This result indicated that the microsatellites obtained in this study were more likely to be polymorphic in Thoroughbred horses.
Characterization of microsatellites
Of the 85 isolated microsatellites, 80 were novel, when the flanking sequences of those microsatellites were searched with DDBJ, EMBL, and GenBank nucleotide sequence databases. Five clones were identical with ASB20, COR022, LEX055, TKY292, and VHL60. The 80 novel equine microsatellites were named TKY324-TKY403. In the isolated equine microsatellites, 79 microsatellites had (CA)n repeats, and TKY349 only had TC repeating units without (CA)n repeats. TKY349 was occasionally found in a plasmid containing TKY350 that had CA repeating units. The two microsatellites were separated about 200 bp.
Of the 80 microsatellites, 9 had significant homology to the sequences registered in the DNA databases ( Table 2 ). All nine microsatellites were the microsatellites cloned from the equine genome. The nine microsatellites and the homologous sequences were classified into five groups.
Three microsatellites, TKY361, ASB24, and LEX048, had sequences about 240 bp that were homologous to each other from 3 -end regions of the (CA)n repeats (Fig. 1) . TKY341 also showed ∼ 240 bp of homologous sequence to the three microsatellites, while the (CA)n repeating region of TKY341 was located at ∼ 200 bp 5 -upstream. The ∼ 200 bp of insertion sequence did not show homology to the other sequences. UMNe52 also had a part of the consensus sequence. The length of homologous sequence among the five microsatellites ranged from 48 to 245 bases with identity of 68% and 83%, respectively. This homologous group I was named equine microsatellite-linked repetitive element-1 (eMLRE-1).
TKY403 showed homology to four microsatellites, which were TKY289, AHT47, ASB1, and ASB16 (Fig. 2) . The five microsatellites had consensus sequences ranging from 230 to 405 bp with the identity of 64% to 83%. This homologous group II was named equine microsatellite-linked repetitive element-2 (eMLRE-2). The four sequences of eMLRE-2 had CA repeats on the same strand, while ASB1 had TG repeats on the same strand. The 5 -flanking sequence of the TG repeat had no homology to the other four consensus sequences.
TKY396 and TKY401 showed about 408 bp of homology to each other (Fig. 3) . Because the two sequences were highly homologous down to the 3 -end, the homologous region is likely to further continue. Thus, these results indicate that the whole consensus sequence of the two microsatellites might be longer than the consensus sequence determined by the present study. MPZ004 mi- crosatellite also showed homology to the two microsatellites, and had 33 bp of an insertion sequence that was identical to its 5 -flanking region: the 33-bp sequence repeats twice in the tandem. Three clones, TKY352, TKY366, and TKY402, showed homology to equine repetitive element-2 (ERE-2) (Fig. 4A) .
31 Figure 4B showed schematic alignments of homology among ERE-2 and the three microsatellites. The three microsatellites showed homology to subunits I and III in ERE-2. The (CA)n or poly(A) repeats directly followed subunit III.
TKY400 showed significant homology to COR020 and COR045. TKY400 had a 4-bp insertion sequence, GTAG, in a 63-bp region of the consensus sequence beside 6 nucleotide deletions, insertions and substitutions (data not shown). The sequence difference suggested that TKY400 was distinct from the other two microsatellites. 
Cost-efficient genotyping of the cloned microsatellites
A new conjugated adapter sequence, 5 -TGACCG GCAGCAAAATTG-3 , was designed for the costefficient genotyping. Primers complementary to the flanking regions of selected microsatellites were also designed. Three primers, which were a Cy-5 labeled adapter sequence and each of adapter sequence conjugated forward primers and reverse primers, were prepared for a PCR amplification. Seventy-two microsatellites cloned, TKY324-TKY395, were analyzed with a good resolution by using the new designed adapter sequence as a primer. To evaluate the fluorescent labeling method of PCR product, some loci in the microsatellites were analyzed by using fluorescent (Cy-5)-labeled primers. The distribution pattern of alleles was consistent with those obtained by the primer technique when the same samples were analyzed. Eight microsatellites, TKY396-TKY403, had more than three alleles or multiple bands. These microsatellites also revealed the same results by using Cy-5-labeled primers. It is suggested that the microsatellites have multiple homologous regions in the equine genome. Five loci of TKY396, TKY400, TKY401, TKY402, and TKY403 had homology with the equine microsatellites registered in DNA databases ( Table 2) .
The amplified fragments of the 72 loci having good resolution were analyzed by electrophoresis with an automatic DNA Sequencer. Table 3 shows primers, allele size, HTG, PIC, and PE of the microsatellites. The average heterozygosity of all loci was 0.52, and the number of alleles ranged from 1 to 9, with an average of 4.5 alleles.
Discussion
In this study, we constructed time-and cost-efficient cloning and genotyping methods for the isolation of a large number of polymorphic microsatellites. The methods include the time-efficient cloning method of construction of microsatellite-enriched libraries and the economical genotyping method of fluorescent labeling of PCR products. The 80 novel equine microsatellites cloned were efficiently isolated from the enrichment library and analyzed for the polymorphism of genotype using 40 Thoroughbred horses which were not related over four generations.
The library-construction method was suitable to isolate microsatellites that have alleles of long repeating units. Thoroughbred horses have much less genetic polymorphism and heterozygosity than humans and nonThoroughbred horses, increasing the difficulty in the isolation of microsatellites to construct Thoroughbred horse linkage map. About 85% of the microsatellites cloned in this study had alleles of over 12 repeating units. This result suggests that the microsatellites cloned by the present method were more likely to be polymorphic in Thoroughbred horses. The enrichment rate achieved was about 10 2 -fold. In the previous study, we cloned and sequenced (CAG)n repeats from microsatellite-enriched libraries. 28 The enrichment library had a positive rate of about 40% for the (CAG)n repeats, and made possible the efficient isolation of (CAG)n repeats which are present at a low frequency in the equine genome. However, the isolation requires a time-consuming screening step from the microsatellite-enriched library. To solve this problem, in this study we achieved an efficient cloning rate for the isolation of (CA)n repeats. In par- ticular, it is important to have a time-efficient cloning method with a positive rate of almost 100% to allow many microsatellites to be isolated without screening the microsatellite-enriched library using an RI-labeled probe. The enrichment library would be useful for the isolation of many microsatellites to construct an equine linkage map. We have analyzed microsatellites by using fluorescentlabeled primer with an automatic DNA sequencer. The fluorescent-labeled primers are expensive. In order to construct a high-resolution linkage map, it is necessary to genotype a large number of microsatellites at a reasonable cost. Recently, Schuelke (2000) 29 reported a method for the fluorescent labeling of PCR products, which made possible the economical genotyping of many microsatellites. The method has the advantage that the fluorescent labeling is accomplished in one PCR reaction. In this study, we used their method with minor modifications for the genotyping of microsatellites cloned from the microsatellite-enriched library. We modified a conjugated adapter sequence for genotyping of microsatellites isolated from the microsatellite-enriched library constructed in T-vector, because an original adapter sequence was designed from M13 (-21) sequence while the T-vector had the M13 (-21) sequence. A genotyping of microsatellites cloned in T-vector as a control genotyping will amplify artifact products by using the M13 (-21) sequence as primer for the fluorescent labeling. Thus, we considered that it was necessary to design a new conjugated adapter sequence, 5 -TGACCGGCAGCAAAATTG-3 . The new conjugated adapter sequence did not amplify PCR artifacts of the equine genome as well as the T-vector by PCR using the new adapter sequence. Indeed, a genotyping using the adapter sequence showed good resolution of alleles. Genotyping using the economical method with the new primer succeeded in all microsatellites, in which the primers specific for cloned microsatellites were designed. It is suggested that the newly designed adapter primer is useful for fluorescent labeling of PCR products: therefore, the fluorescent labeling method can be combined with the isolation method from the enrichment libraries by using the newly adapter primer.
Finally, we constructed a microsatellite-enriched library having almost 100% positive rate for the economic genotyping of the novel equine microsatellites using the new designed adapter sequence; the combination of the two methods enabled a time and cost efficient isolation of polymorphic microsatellites.
In this study, 80 novel equine microsatellites were iden- tified from equine genome. In the microsatellites, primers were designed at 72 loci for analyzing polymorphisms, and TKY324-TKY395 would be useful for a valuable molecular tool for genetics such as breedings genomics, and genetic resource management programs of equine. In particular, eight microsatellites, TKY325, TKY333, TKY337, TKY341, TKY343, TKY344, TKY374, and TKY394 had over 0.5 of PE value, and might be useful for Thoroughbred paternity testing. In the previous study, we isolated 7 microsatellites, TKY279, TKY287, TKY294, TKY297, TKY301, TKY312, and TKY321, having over 0.5 PE value. 21, 22 Total PE of these 15 microsatellites was over 0.999998. The 15 microsatellites might, hence, be sufficient for the paternity testing of Thoroughbred, because the annual production numbers of Thoroughbred are about 100,000 individuals in the world. Some loci of the microsatellites have only one or two alleles in Thoroughbred populations in spite of having long repeating units. Some loci are likely to be polymorphic in other horse populations, because Thoroughbred horses have much less genetic polymorphism and heterozygosity than do humans and non-Thoroughbred horses. In general, microsatellites having over 18 repeating units present high polymorphism with a long number of alleles in human and non-Thoroughbred genomes. Microsatellites linking loci having low polymorphism with large repeating units in Thoroughbred such as TKY339 and TKY395 might reflect a characteristic of Thoroughbred, because Thoroughbreds are the result of artificial selection for racing, with a small number of paternal animals.
At 8 loci, TKY396-TKY403, the PCR products from the primer sets designed for polymorphism analysis did not reveal a definite band profile among individual specimens. This was mainly due to the production of too many ladders of PCR products to evaluate the results. The ladders of PCR products can be explained by the occurrence of microsatellites in a repetitive element, in which the number of repeating units of the microsatellite varies among different members of the repetitive element.
We found five homologous groups at flanking regions in comparison with the flanking regions of microsatellites from DNA databases. One of them, group IV, showed homology to equine repetitive element-2 (ERE-2).
31 ERE-2 has a consensus sequence that showed homology to ERE-1 over approximately 60 bases. 30 The sequence comparison between ERE-1 and ERE-2 led to the identification of subunits I, II, and III. Different subunit combinations produce different types of ERE-2. The subunit alignment of our microsatellites from 5 -to 3 -end was I-III-III or I-III. These sequences have a poly(CA) or poly(A) tail as expected in retroposons and possible RNA polymerase III promoter regions, suggesting that our microsatellites are ERE-2.
In the other four homologous groups, eMLRE-1 and eMLRE-2, in particular, were named as one of novel equine repetitive elements identified from the equine genome. In general, microsatellites are frequently associated with repetitive elements, known as short interspersed elements (SINEs), which are nonviral retrotransposable DNA sequences of 75-500 bp. [37] [38] [39] [40] It has been suggested that the microsatellites associated with SINEs are the by-product of retrotransposition events.
37,41
eMLRE-1 has poly(CA) repeats at the tail similar to ERE-1 and ERE-2. This element might be nonviral retrotransposable DNA sequences. eMLRE-2 has a repeat region at the center of the sequences. Almost all homologous sequences of eMLRE-2 had CA repeats at the same strand, while one sequence had TG repeats at the same strand. PCR cloning by primers designed from a homologous region showed no microsatellite region, such as CA or TG (data not shown). These results showed that the microsatellite region of eMLRE-2 might be recombined after duplication of MLRE-2 in equine genome and inserted at a specific site of the repeat regions.
The microsatellite-linked repetitive elements (MLREs) were observed not only with CA microsatellites, but also with some of the CAG microsatellites in the previous study. 28 The MLREs of the (CA)n and (CAG)n repeats were found in about 11% and 25% of the analyzed sequences, respectively. These observations indicate that such microsatellites containing repeat families are not a rare phenomenon in the equine genome. Our finding of the associations of repetitive elements with equine microsatellites indicate that multiplex use of microsatellite primers may decrease specificity of the reaction. Careful consideration should be taken when designing multiplex reactions.
The nucleotide sequence data reported in this paper will appear in the DDBJ/EMBL/GenBank nucleotide sequence databases with accession numbers AB044825-AB044883 and AB048290-AB048308.
